This paper concentrates on the study of the three-dimensional free vibrations in a homogenous isotropic, viscothermoelastic hollow sphere whose surfaces are subjected to stress free, thermally insulated or isothermal boundary conditions. The use of governing partial differential equations is solved into a coupled system of ordinary differential equations. The equation for toroidal motion gets decoupled from rest of the motion and remains unaffected due to thermal variations. Matrix Fröbenious method of extended power series is employed to obtain the solution. The secular equations for the existence of various types of possible modes of vibrations in the considered hollow sphere are derived in the compact form. The special cases of spheroidal and toroidal modes of vibrations of a hollow sphere have also been deduced and discussed. In order to explore the characteristics of vibrations the secular equations are further solved by using fixed point iteration numerical technique with the help of MATLAB software tools. The computer simulated results have been presented graphically for copper material.
Introduction
The exact three-dimensional analysis of free vibrations of elastic spherical structures is well established in [1] [2] [3] [4] . The coupled theory of thermoelasticity proposed by Lord and Shulman [5] incorporates a flux-rate term into the Fourier Law of heat conduction and involves a hyperbolic-type heat transport equation admitting wave type thermal signals. Green and Lindsay [6] formulated temperature-rate-dependent thermoelasticity by introducing relaxation time that reckons a finite speed of heat propagation. Hetnarski and Ignaczac [7] studied the response of a semi-space due to a short laser pulse in context of generalized thermoelasticity. Buchanan and Ramirez [8] computed the free vibration frequencies for solid ellipsoids by using Ritz method. Sharma and Sharma [9] studied vibrations of a transradially isotropic coupled thermoelastic solid sphere by using matrix Fröbenius method. Neuringer [10] developed the procedure of Fröbenius method when the roots of indicial equation are complex. Several mathematical models [11, 12] have been used to accommodate the energy dissipation is due to internal friction in vibrating viscoelastic solids. Moreover the Kelvin-Voigt model is one of the macroscopic mechanical models which is also used to describe the viscoelastic behavior of a material. Mukhopadhyay [13] studied the effect of thermal relaxation time on viscothermoelastic interactions in an unbounded body with a spherical cavity subjected to periodical loading. Sharma [14] investigated the propagation of waves in an infinite Kelvin-Voigt type viscoelastic plate in the context of coupled thermoelasticity. This paper is devoted to the exact three-dimensional vibration analysis of homogenous isotropic, viscothermoelastic hollow sphere subjected to 1) stress free thermally insulated and 2) stress free isothermal conditions. The potential function technique has been employed to decouple purely shear motion which remains independent of thermal variations. Upon using separation of variable technique, the problem is reduced to a system of four ordinary differential equations. In order to obtain frequency equation as second class (spheroidal) vibrations the coupled system have been solved by using Matrix FRÖBE-NIUS series method. The fixed point iteration numerical technique with the help of MATLAB software tools is used to compute frequency and damping of the vibrations. The computer simulated results in respect of lowest frequency, dissipation factor, stresses, displacements and temperature change have been presented graphically of the hollow sphere. 
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Boundary Conditions
We consider the free vibrations of the sphere which is subjected to stress free, thermally insulated and isothermal co ) t no nditions and r a  (outer radius) and r b  (inphere. Mathematically this proner radius) of the hollow s vides us 0, 0, 0, , 0
In order to simplify the model, we define following quantities 
Upon using the Equation (8) 
The uncoupling of Equation (17) are arbitrary constants determined from arbitrary conditions.
Extended Power Series Method
In order to solve the coupled Equations (14)- (16), we apply Matrix Fröbenius method for the domain of consideration is b r a   . We take power series of the type
where
A B D are unknowns to be ed.
)- (16) determin Substituting the solution (20) in Equations (14 we get the following matrix equations
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Equating to zero the coefficients of lowest powers of
in Equation (21), we obtain
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The requirement for the existence of non-trivial soluEquation (24) leads to the following tw indicial equatio 
The roots of Equation (26) are of the type p = ± p (i = 1, 2, 3) where
We designate the roots of Equation (26) 
In order to obtain two independent real solutions, it is sufficient to use any one of the complex root and takin its real and imaginary parts see Neuringer [10] . Moreover, the treatment of complex case is unlike that of the ro d to be solved only once in t rathe the later one. l , th 0 g real ots with the advantage that the differential equation is require he former case r than twice in For the choice of roots of the indicia equations e system of Equations (24) 
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Secular Dispersion Relations
On applying the boundary conditions on Equations (6) we obtain a system of eight homogeneous linear algebraic equations which will have a nontrivial solution if and only if the determinant of the coefficients B n1 , B n2 and   
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Here the elements of Equation (40) 
Second Class Vibrations
The secular Equations (40), (44) and (45) variations of these quantities show increasing trends with respect to increasing values of *  for all the modes of vibrations.
Numerical Data/Information
Here in Table 1 
